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THE JUNE 21, 1967 FAIRBANKS, ALASKA EARTHQUAKES AND AFTERSHOCKS 

by 

Eduard Berg, Larry Gedney, Susumu Kubota, Ken Hanson and Jürgen Kienle 

ABSTRACT 

Aftershock recordings have been obtained to determine the extent of the 

fracture area which using some 50 shocks, was found to be an area of 10 x 15 

km with the major axis roughly oriented in a NW-SE direction. Hypocenter 

depth varies from 6 to 19 km, with most of the shocks being confined to  a 

depth of 10 *-o 13 km. It was found that the Jeffreys-Bullen velocities, 

V =5.56 and J %  • 3.3? km/sec, represent a close approximation of the 
P •» 

velocities in the area. Presented also are the telemeter network readings 

from June 21, 1800 GMT to July 14. These readings Include the aftershocks 

of magnitude 2.5 ana upward. 
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General Information 

On June 21, 1967 four earthquakes occurred in the immediate vicinity 

of Fairbanks between 1804 and 1825 GMT. The first shock had a magnitude 

of 5.6, the second registered A.3, the third snä  largest was 6.0 and the 

last one was magnitude 5.3. These magnitudes have been obtained from the 

Standard Wood Anderson horizontal Torsion Seismometers at the McKinley station 

MCK. The magnitudes obtained from MCK, at some 130 km distance from the 

epicentral area, are in substantial agreement with those reported for 

the three larger shocks by Pasadena: In chronological order, 5 1/2, 6 

end 5 3/4 (Taylor, 1967). 

The series of "main" shocks was Immediately followed by a large number 

of aftershocks. Pedro Dome was the nearest permanent station in the network. 

At that station 70 earthquakes and possibly more were recorded during 

one hour period following the Initial disturbances. The rate diminished 

to about 30 per hour on June 25 and was down to roughly 10 oer hour in 

early July. Many of the larger shocks with a threshold around magnitude 

2 1/2 have been felt in Fairbanks (see Figs. 7 and 8). 

Also, many small aftershocks with magnitudes larger than zero have 

been located on the south eastern side of Fairbanks with a small tr-parted 

network over the epicentral area. 

Geology 

The Tanana Valley area Is Included in the general, large scale fault 

systems of Alaska; it is located north of the Denali fault and north of 

the Alaska Range. The area Is mainly composed of alluvial fan deposits» 

abandoned flood plain alluvium, swamp deposits and of flood plain alluvium 

in the vlclnltv of the aftershock area. 



Some three to four miles north of the epicentral area Is an area of 

perennially fiuzen silt, and to the north of that, the Birch Creek schiat 

of the Yukon-Tanana plateau begins (see Pewe et al. 1966). Immediately 

north of the highest concentratl' . of epicenters are some very small out- 

crops of intrusive Igneous rocks and basalt. 

No known fault crosses the surface here, however the authors think that 

there Is a good possibility of a burled north-east, south-west trending 

fault (dipping to the south). Along this fault the aftershocks occurred. 

The trend of this possible fault is outlined on the surface by the fore- 

mentioned outcrops (see Pewe et al. 1966). On the other hand the after- 

shock area is situated on the northern edge of a Bouguer gravity low. 

However, the orientation of this f.ravlty low is WSW-BNE, about 45° to 

the trend of the posulated buried fault. 

Seismicitv 

The general Fairbanks area had several severe shocks of magnitude 

7 or over in the past 60 years, when seismic instrumentation existed to 

record such disturbances. The following table gives the most severe ones 

reported by Davis and Bchols (1962). 

Table 1 Severe Ceutral Alaska Earthquakes 

Date Time Coordinates Magnitude 

27 Aug 1904 21 56 06 640S   151°« 7 3/4 

7 July 1912 07 57 36 640N   1470W 7.4 

22 July 1937 17 09 29 64° 3/4 N 146° 3/4 W 7.3 

16 Oct 1948 02 09 50 63.80N  14801 W 7 



The laut one however is not reported by Gutenberg and Richter (1954). 

The energy release for Alaska had been calculated by Berg (March 1965) 

and the energy release map shovs that on the average the Fairbanks area 

releases as much energy (10  ergs/60 years72° NS and 4° EU) as parts 

of the Aleutians. 

Epicentral Area. Aftershocks 

The occurrence of many aftershocks In the Fairbanks area led to the 

study reported here. Three seismic stations were operated In the Invaedlate 

viclrlty of the aftershock area to determine the hypocenter Locations. 

Figure 2 shows the permanent telemeter station Pedro Dome together with 

the temporary stations ELI, GEO, BAD and CLB. Only three of these stations 

were occupied at any one time - there being no equipment available for 

more. The PJD station was recorded at the Geophysical Institute Telemeter 

terminal as was GEO. The viewer of the Develocorder used at the telemeter 

terminal allows a time resolution better than 1/10 of a second. The third 

portable station was first operated at ELI on June 22^23 (GMT) in a mobile 

operation. The time reference was crystal and WWV controlled. Recording 

speed for several hours was apnroximately 30 cm/ml». Figure 3 shows the 

first epicenters thus located. The next day (23-24 June GMT) the station 

at BAD was operated right in the epicentral area. Figure 4 shows the 

epicenters obtained that da** during a few hours of recording. 

A third location still further to the southeast (CLB, Fig. 2) was 

occupied on June 26/27. Epicenters located from that day are oresented 

In Fig. 5. On 21 July high speed recording (30 cm/min) was carried out 

at BAD to see if there was any major shift in activity. Figure 6 shows 

the epicenters and depth of focus for the four well recorded earthquakes 

occurring on that day. 



Despite the quite different position of the mobile station, there 

Is no significant difference in either epicenter or focal depth determina- 

tion. 

The focal depth ranges from 6 to 19 1/2 km, with mostly 10-13 km. 

There is only one exception: the one shock recorded northwest of GEO 

and southwest of ELI (see Fig. 4) with depth > 25 km. 

Crustal Velocities 

Since most of the hypocenters fall In a depth range of 10-13 km, a 

single layer crust with V "5.56 km/sec and V «3.37 km/sec was assumed 
P 8 

for the calculation (Jeffreys-Bullen first layer). Crustal structure 

investigation In the southern part of t?<e Tanana Valley, close to the 

Alaska Range, revealed closely related P wave velocities of 5.27 and 5.80 

km/sec In the upper part of the crust (to be reported in another paper). 

For some of the best-recorded small shocks with clear P and S phases 

on all three sta icn . PJD, GBO, and BAD, the origin time determined from 

the S-P times and P arrivals and using the aforementioned velocities give 

differences for 'he origin time between stations of less than 0.1 sec. 

This difference would lead to a possible error of the hypocencer locations 

of the order of 1/2 km. However, it is '• .«ought that a more realistic 

ertOi would be 2 to 3 km, based on origin time differences of 0.2 to 0.3 

t.ec. The origin time error between stations not only includes possible 

reading and timing errors but also errors which might be introduced by 

a slide-rule calculation. Therefore, the J-B velocities must be a very 

close approximaMon in the upper part of the crust in the Fairbanks area. 

Table of Aftershocks 

Table 3 centalJS£-reproduction of the telemeter network reading for 

ihe period from the first shock on June 21 to July 14. Only the major 

4 



aftershocks have been read on a routine daily basis. Some of the con- 

ventional MCK stations readings «re also included. Figure 1 and Table 

2 give the station locations. 

Nawe 

Xanana 

Big Mountain 

Sheep Creek 

Pedro Dome 

Black Rapids 

McKinley 

Table 2 

Code Latitude Longitude 

TON 65015A'V ISl^A.T'W 

BIG S^S.A'N iss^a.o'w 

£'JM ei^o.o'N U1019,1'V 

PJD 65o02.VV U703C S'W 

BLR ea^o.i'N l45o50.rw 

MCK es^A.o'N 14805f.OMJ 

Altitude 

504 m 

562 m 

1020 m 

740 m 

Because it was easier to reproduce all readings rather than select 

only the Fairbanks shocks, all have been included in the listing. 

Explanation of Readings 

Column 1-3: station code, disregard each I'ne starting with ZAP. 

The line starting 000 contains the magnitude and tenths of magnitude for 

"local" shocks In columns 40 and 41, respectively. 

Column 4 through 9: year, montlt, date 

Column 10, 21, 32, 51, 59: Indication of I (Impulsive) or E (emergent) 

for the following phase. 

Column 11-13: first ground motion, C-compression, D-dilation. 

Column 14-20: arrival of first P phase; hours, mln, sec, and tenth. 

Column 25-31: arrival of second P phase; hours, minutes are not repeated 

unless changed. 

Column 33-39: arrival of third P phase; hours, minutes are not repeated 

unless changed. 



Column 52-58: arrival of first S phase; hours, minutes are not repeated 

unless changed. 

Column 60-66: arrival of second S phase; hours, minutes are not repeated 

unless changed. 
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